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Abstract 
This directed project analyzes the cost and benefit relationship of incorporating passive 
solar heating and cooling designs into a national home builder’s standard house plan.  
The orientation, glazing area, glazing type, and solar shading features of the home are all 
analyzed.  The goal of this directed project is to determine if passive solar can make an 
impact on energy costs for a national home builder’s standard house plan.  The focus of 
the study is on one standard home plan and analyzing what impact passive solar design 
changes can have on annual heating and cooling energy consumption.  The construction 
costs of the design changes are calculated along with the payback period.  These changes 
are designed to be easily reproducible and able to be applied to other homes in the 
regional market.  The results are a very straight forward analysis that shows builders, 
developers, and homeowners what effects passive solar can have on standard home plans.  
The ultimate goal is to overcome the current barriers that have prevented widespread 
adoption of passive solar and bring it to the forefront of design in the mainstream 
residential construction market.  The study utilized the residential energy simulation 
program called RESFEN 5.0.  RESFEN 5.0 was used to calculate the annual heating and 
cooling loads for the simulated test home.  The program allowed for variations in glazing 
areas, orientation, window types, shading effects, and most importantly energy costs.  
The conclusions of the study will show if there are certain design strategies could help to 
reduce the residential energy consumption for a standard national builder’s home in 
Minneapolis, Minnesota.   
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Statement of Problem 
The mainstream residential construction market in Minnesota has not adopted 
passive solar as a legitimate solution to reduce heating and cooling demands.  Currently 
heating and cooling costs are the largest annual energy expense for homeowners living in 
Minnesota.   
Significance of the Problem 
 The majority of the energy produced currently in Minnesota is from burning fossil 
fuels.  Fossil fuels are a limited resource and the cost of these resources has steadily 
increased for the past 50 years.  Even though new homes have become more efficient in 
the last decade, the overall size of the average home has increased.  Population levels also 
have continued to increase in Minnesota along with the number of homes being 
constructed.  The number of occupants in the average home has decreased over the last 
decade resulting in more homes being built for smaller households. 
 The increase in heating and cooling costs will continue to be a significant portion 
of the average homeowner’s budget unless something can be done to reduce energy 
consumption.  The current energy efficient improvements in Minnesota’s residential 
construction market have been offset by larger homes and fewer occupants.  The overall 
energy consumption continues to increase along with the heating and cooling energy unit 
prices.   
Statement of the Purpose 
The purpose of this directed project is to provide the cost versus benefits analysis 
of passive solar design strategies on a standard residential home in Minneapolis, 
Minnesota.  The goal is to analyze minimal passive solar design changes that could be 
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widely adopted across the housing sector in the Upper Midwest region of the United 
States.  
Objectives 
The main objective of this directed project is to analyze the potential energy 
savings that can be achieved from designing residential structures to respond to their 
local climate by utilizing passive solar heating and cooling strategies.  This project 
develops an accurate estimate of the additional costs associated with implementing these 
passive solar heating and cooling design strategies.  The study then compares the 
additional costs of the passive solar heating and cooling design strategies to the potential 
energy savings.  The result from this study is an easy to read comparison for how 
minimal changes in a home’s design could potentially affect energy savings.  The 
ultimate goal would be for builders, developers, and homeowners to see the impact that 
passive solar heating and cooling can have on energy usage.  This information could then 
be used to increase the amount of new residential homes that utilize passive solar heating 
and cooling design strategies.  If passive solar can start to be utilized as a standard 
building practice then significant amounts of heating and cooling energy can be 
conserved each year.  
Definitions of Terms 
Passive Solar – Is building design that uses the sun’s energy along with the local climate 
to maintain a thermally comfortable living space.  In most cases passive solar design 
leads to net energy reduction used for mechanical heating and cooling.  (Morrissey, 
Moore & Horne, 2010)  
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Direct Gain- Refers to a passive solar collection system that relies on sunlight passing 
through glass to heat an interior space.   Most direct gain systems consist of an insulated 
building with a relatively large expanse of glass which admits rays of the sun.  Direct 
gain systems collect solar heat and reduce heating loads in cold climates.  (National 
Fenestration Rating Council, 2011)   
U-Factor- Measures how well window glass prevents thermal transfer from the inside of 
a space to the outside.  Most U-Factor ratings typically range between 0.20 and 1.20.  The 
lower the U-Factor the better the glass is at preventing thermal transfer.  U-Factor is 
particularly important in cold climates during the winter months.  (National Fenestration 
Rating Council, 2011) 
R-Value - Is the measure of resistance to the flow of heat through a given thickness of a 
material (as insulation) with higher numbers indicating better insulating properties.  R-
Values typically measure the resistance of walls, ceilings, or other solid materials.  
(National Fenestration Rating Council, 2011)  
Solar Heat Gain Coefficient (SHGC) - Measures how well a product blocks heat from the 
sun. SHGC is expressed as a number between 0 and 1.  The lower the SHGC number the 
better a product is at blocking heat gain. Blocking solar heat gain is particularly important 
during the summer cooling season.  (National Fenestration Rating Council, 2011) 
Shading Coefficient (SC) - The shading coefficient is a measure of the total amount of 
heat passing through the total glazing (known as the total solar heat transmittance) 
compared with that through a single clear glass. The shading coefficient (SC) is derived 
by comparing the solar radiant heat transmission properties of any glass with a clear float 
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glass having a total solar heat transmittance of 0.87.  (National Fenestration Rating 
Council, 2011) 
Visible Transmittance (VT) – The visible transmittance value measures how much light 
comes through a piece of glass.  VT is expressed as a number between 0 and 1.  The 
higher the VT value the more light is passing through that object.  (National Fenestration 
Rating Council, 2011) 
Assumptions 
Standard home designs need to be completely rethought to take full advantage of 
a passive solar heating and cooling benefits.  The amount of energy reduction that could 
be achieved by redesigning the standard American home plan could greatly reduce the 
energy demands across the country.  Additional advancements in HVAC and insulating 
technologies can then be applied to achieve the maximum results.  This complete change 
in overall design will allow homes to maximize their energy conservation potential.           
The energy modeling of this study is fairly straight forward but the cost 
implications will be much harder to determine.  There are high variables on the cost of 
products going into new homes that are currently being built.  These cost fluctuations 
could potentially make any energy savings negligible when it is compared to the cost 
implications of design changes. 
This study quantifies some of the more common passive solar heating and cooling 
design strategies.  These design changes are not revolutionary but they are relying on new 
energy modeling software to simulate how effective they can be. 
Most homeowners do not realize the potential energy savings that can be achieved 
by utilizing passive solar heating and cooling design strategies.  This study will help 
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explain what passive solar design strategies are and which ones are the most cost 
effective over the life of a home.  By producing the basic cost and benefit information 
this directed project increases the awareness of home buyers, developers, and builders.  
Depending on the significance of the information it could potentially start to change the 
acceptance of passive solar as a feasible way to reduce heating and cooling energy 
consumption. 
To achieve this energy savings in a cost efficient manner the standard home 
design needs to change.  There are design changes that need to be made to the house that 
most people do not think of when they are looking at their new home.  The majority of 
the windows will need to be orientated on the south side of the house to take advantage of 
the low winter sun.  There will also need to be small changes to the outside of the home 
to help block the summer sun from overheating the home.  
The majority of homeowners and builders this study is designed for are only 
willing to pay a reasonable amount of additional money upfront for the passive solar 
heating and cooling strategies.  The goal of this study is to get homeowners to look at the 
long term monetary gains by living in an efficient home and see the true benefit of 
conserving energy.  It is very hard to determine how much additional money home 
buyers are willing to spend on the construction of a passive solar home.  Homeowner’s 
willingness to pay more money for an energy efficient home might change when they are 
analyzing all the optional features and finishes for their new home.  The passive solar 
design strategies might be eliminated from the budget when other design options are 
considered.        
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Delimitations 
There are numerous passive solar heating and cooling technologies that are being 
practiced throughout the country.  This study is focused on direct gain passive solar 
heating and solar shading passive cooling technologies for the Upper Midwest portion of 
the United States, more specifically Minneapolis, Minnesota.  The efficiency of the 
strategies will be measured by the amount of energy that is conserved by the 
implementation of the passive heating and cooling technologies.  By only focusing on 
these two passive energy design strategies the cost implications and energy consumption 
variations will be more accurate.  This study will allow for a very straight forward 
analysis of the benefits and the cost of the design changes. 
Passive heating and cooling relies on precise orientation and design of structures 
to maximize the energy savings benefits.  The goal of study is to implement passive 
heating and cooling strategies on standard production homes in standard residential 
developments.  One of the delimitations will be that current residential developments do 
not take home orientation into consideration when the lots are laid out.  The current 
practice is to maximize the lots on a plot of land to get the highest return on the 
investment.  This study assumes that the perfect placement of the glazing area is 
achievable which will be very difficult to find in current residential developments.   
Homeowner behavior will also be very hard to control.  The passive solar heating 
and cooling strategies rely on homeowner interaction for the maximum energy savings.  
The study is going to assume the best case scenario where the homeowner is doing their 
part to control the passive solar systems.  It will be difficult to predict homeowner 
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behavior and how regularly they will interact with the passive system to maximize the 
energy savings. 
If complex passive solar heating and cooling design strategies are studied at the 
same time, the effectiveness of each will be hard to calculate on the test home.  If simple 
design changes are analyzed individually then the impact of the change will be obvious in 
simulated energy consumption.  Then variation in energy usage can be analyzed to 
determine if the construction cost was worth the difference in overall energy 
consumption.   
Limitations 
The main limitation of this directed project is that it is going to be a simulated 
case study.  Even thought this might be seen as a limitation the current energy modeling 
software allows for small changes to be analyzed over time.  All of the energy modeling 
will be very accurately simulated but it is sometimes hard to get the real life results 
without building the actual house.  In an actual home the occupants will generate 
different amounts of heat depending on their activities.  Heat from cooking and interior 
light fixtures could produce variations in the total amount of required heating and cooling 
loads. 
The study will also be limited by location.  The study will be based in the Upper 
Midwest and the results will be only relevant for similar climates.  The study only 
analyzes design changes on a single home plan and might not be applicable to all home 
plans.     
Some of key concepts that help standard passive solar homes be successful will 
have to be ignored to simplify the testing data.  The thermal mass of a passive home is 
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generally very important for the home to store the energy and balance the house.  The 
software program that is being utilized to simulate the data does not have any options for 
thermal mass.  Passive solar homes rely on some very high levels of insulation so they 
are able to store energy that they capture from the environment.  Increases the insulation 
levels would mean moving away from a traditional 2x6 framed exterior wall.  This would 
be a drastic change for current residential construction.  The thermal mass and insulation 
levels will remain at the current levels so other variables can be examined.  With these 
two key aspects of passive homes being ignored the assumption will be that there is still 
going to be data variations in energy consumption but it might not be as drastic of ranges.   
The impact of the design changes will be hard to explain to people without 
actually being in the space and seeing the outside of the test home.  It is an assumption 
that most homeowners would be receptive to saving money with the passive solar design 
changes but when it comes down to it might not be what they would do in real life.  This 
directed project is as accurate as it can be but the fact that the study is based on simulated 
data it might be seen as a weakness.   
Literature Review 
Introduction 
The human race has been utilizing the unique climatic features in their 
environment to improve the comfort of their living conditions since the first shelters were 
created.  The heat of the sun, the cooling effect of shade, and the evaporative effects of a 
breeze are all natural characteristics that improve human comfort.  Primitive cultures 
designed their shelter to take full advantage of the surrounding environment.  These 
primitive structures responded to the local climate in which they were built and increased 
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the comfort level of their inhabitants.  These unique climatic conditions can be harnessed 
to help improve human comfort while reducing heating and cooling energy consumption.  
Energy Conservation 
The current trend in the residential construction industry is moving toward an 
emphasis on conservation.  The building industry currently appears to be entering an era 
where the focus is placed on minimizing the energy footprint of both commercial and 
residential buildings.  (U.S. Department of Energy, 2007)  A main part of energy 
conservation building practices has been an attempt to become more efficient with the 
resources that a home consumes.  This includes both the material that goes into producing 
a home but also the energy that a home consumes on an annual basis. The overall goal is 
to reduce the amount of energy and resources used to heat and cool structures.   
The recent improvements in the residential sector are focused on two main areas 
of the home design.  One of those areas focuses on the exterior insulation of the 
structures.  The improvements have primarily been around improving insulation and 
building envelope performance.  The other main area of improvement has been centered 
on utilizing more efficient heating, cooling, and air conditioning (HVAC) equipment.  
Energy efficiency improvements have been achieved in heating, ventilating, and air 
conditioning, in addition to improvements in windows and insulation.  The result of these 
changes produced a nine percent decrease in energy consumption per household between 
1985 to 2004.  The increase in energy efficiencies was not enough to offset the increase 
in the number of households and the average house size.  The overall total amount of 
energy consumed across the residential housing sector increase from 1985 to 2004 
despite these improvements in the building industry.  (U.S. Department of Energy, 2009) 
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The United States Government has been encouraging energy reduction in the 
residential sector.  The U.S. Government has been offering tax credits to update window, 
furnaces, air conditioning units, and insulation.  The government has also stepped in and 
has started to influence local building codes.   
State energy codes have continued to require more efficient homes that have 
improved levels of insulation and HVAC systems.  This has been a factor in moving the 
residential industry as a whole to a higher energy efficient standard.  More and more new 
homes are being constructed to meet new these new energy efficient standards and the 
trend seems to be catching on with home buyers.  In a recent study, 46 percent of new 
home buyers listed energy efficiency as a one of their primary considerations in 
purchasing their new homes.  (U.S. Department of Energy, 2009)   
There is now a minimum level of insulation that can be used on the walls, attics, 
and floors of homes.  The windows that get installed in new homes need to meet certain 
U-factors and SHGCs for different areas of the country.  These building codes even 
mandate a certain level of energy efficient furnaces and air conditioning units. 
Current Energy Usage 
The United States is currently the number one largest energy consuming country 
in the world.  In 2006, the residential sector accounted for 20% of the total energy used in 
the U.S.  Space heating and air conditioning accounted for 44% of all energy used in the 
U.S. residential sector.  Slightly less than 10% percent of all the energy used annually in 
the U.S. is devoted solely to heating and cooling our homes (U.S. Department of Energy, 
2009).  Figure 1.1 illustrates that space heating and cooling make up a significant amount 
of the average homeowner’s total energy usage and monthly energy bill.  Reducing the 
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Figure 1.1: Primary & delivered energy and expenditures for Energy, by end-use.  (U.S. 
Department of Energy, 2009) 
 
In 2009 the residential sector in the U.S. consumed approximately 20% of all the 
energy used across the nation.  The residential sector uses approximately 35% of all the 
electricity produced in the U.S. and is strongly dependent on natural gas for heating.  
(Parker, 2008)  Supplying energy to the residential sector in the U.S. generates fully 18% 
of its greenhouse gas emissions. Despite technological improvements in refrigerator, 
furnace efficiency, and energy codes improving insulation, many American lifestyle 
changes have put higher demands on heating and cooling resources.  
The average home size in the U.S. has been steady increasing for the last 30 years.  
In 1970 the average home was approximately 1500 square feet.  In 2005 the average 
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home size increased to approximately 2300 square feet.  The average amount of 
occupants per home has decreased and two-person household have become much more 
common.  The amount of energy used for cooling has also increased due to more 
households have central air conditioning.  In 1978 only 23% of U.S. households had air 
conditioning.  In 2001 approximately 55% of U.S. households had air conditioning.    
Since 2000 the electrical use in U.S. households has been dramatically increasing due to 
the increased use of electrical devices in daily activities.  All of these changes have led to 
an increase in energy consumption which has largely offset the efficiency gains in 
residential structures.  (Parker, 2008)  Even though the United States is becoming more 
energy efficient the overall amount of energy consumed is not being reduced due to 
larger homes and current lifestyle trends.   
Current energy generation takes continual inputs of money and resources to 
produce.  The world’s current methods for producing energy require resources that do not 
have infinitive supplies and create byproducts that have negative effects on our 
environment.  New green energy mandates and proposed laws could drastically increase 
the cost of energy in the next decades.  Any viable solution that could reduce the amount 
of energy consumed would appeal to both home buyers and the governmental energy 
policy makers.  Home buyers and government mandates could then start the demand for 
these energy savings design techniques to be included as standard features on new homes. 
Project Climate 
The testing simulations are based on a home plan in the climatic zone of the 
Upper Midwest region of the United States.  The climate of Minnesota has cold winters 
and hot summers.  Minnesota's location in the Upper Midwest allows residents to 
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experience some of the widest variety of weather in the United States.  Each of the 
seasons in Minnesota has its’ own distinct characteristics. (U.S. Department of Energy, 
2007)  Midwest homes require a large amount a heating in the winter and an average 
amount of cooling in the summers.  Passive heating technologies will be the main focus 
of this directed project but it will also have some cooling technologies as well.  
This directed project analyzed basic design strategies that focused on utilizing 
passive solar to reduce energy consumption on a home in Minneapolis, Minnesota.   
Minnesota is the in the Upper Midwest region of the United States.  Figure 2.1 shows that 
the Upper Midwestern region of the United States falls into the “cold climate” which was 
determined by the U.S. Department of Energy Building America Program.  Cold climates 
are generally defined as a region with approximately 5,400 heating degree days or more 
and fewer than approximately 9,000 heating degree days.  The degree-day measurement 
is the difference in temperature between the average outdoor temperature over a 24 hour 
period and the average temperature for a living space, typically 65°F.  (U.S. Department 
of Energy, 2007)   
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Figure 2.1 Climate Regions.  (U.S. Department of Energy, 2009) 
 
This study is primarily focused on passive solar heating but also analyzes passive 
cooling strategies.  Minnesota has a wide variety of hot and cold temperature swings.  It 
is critical that the test home perform well in all environmental conditions that it are 
typical to the in Upper Midwest climate.    
Urban Planning 
Currently developers and planners do not take into consideration unique climatic 
features when residential lots are laid out.  Since the currently emphasis is focused on the 
density of the developments there is a lack of experience and expertise for planning 
environmentally sensitive projects.  The consideration for the orientation of the homes in 
the development is not a factor when the layout of lots is configured.  (Scott, Edge & 
Laing, 2006)  By presenting developers and planners with more knowledge on the basics 
of passive solar then projects might start to be focused around taking advantage of the 
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benefits of the natural environment.  If passive solar can be achieved in standard 
residential construction and the potential energy savings are quantified then some change 
might start to be considered when planning a new subdivisions.     
One of the major problems in encouraging more environmentally friendly mass 
house projects is the initial approach taken by developers.  When the initial decisions are 
made on a development a lot of choices are made to optimize the sales values which 
typically do not favor environmentally friendly designs.  The footprint of the 
development is decided early on and there is little chance of changing the footprint as it 
moves forward through the construction process.  (Scott, Edge & Laing, 2006)  At some 
point since the invention of air conditioning and the evolution of the current modern 
urban planning methodology these basic passive solar design strategies have been 
abandoned in main stream residential construction.  
Passive Solar 
Passive solar is using the sun’s energy to help maintain thermal comfort in living 
spaces.  Passive solar can provide reduction in both heating and cooling energy demands 
on a building.  Building materials have to be chosen vary carefully to optimize the sun’s 
energy throughout daily and seasonal changes.  The design of buildings also need to be 
critically analyzed to determine how passive solar can be utilized to the fullest extent in 
the given structure and climate.  In most climates a passive solar design will typically 
provide a net reduction in energy used to heat and cool the living space. (Morrissey, 
Moore & Horne, 2010).  
 Passive heating is based solely on utilizing the solar gain from the sun.  There are 
numerous ways to achieve the solar gains but the main principle remains the same.  There 
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are two main ways to store the solar radiation of the sun.  By placing glazing areas 
toward the equator, the sun's rays can be allowed to penetrate into a structure and heating 
the interior of the space, similar to a greenhouse.  Too much sun could cause the negative 
effect of overheating a space during the summer or daytime hours.  The other main 
passive solar heating method utilizes the mass of the structure.  The heat from the sun’s 
rays are stored the mass of the structure and slowing radiated throughout the night time 
hours.  This method counteracts the cooler night temperatures and the helps eliminate the 
need for night time heating. 
The direct gain heat from sunlight is the simplest way of achieving passive 
heating.  In this system, sunlight enters through windows or skylights (glazing) and is 
absorbed by the inside surfaces of the building.  In a direct gain system, thermal 
collection, dissipation, storage, and transfer of energy take place in the living space of a 
home.  Direct gain is the most effective form of passive solar heating both in simplicity 
and total energy production.  The direct gain method also offers the added benefit of 
allowing natural daylight to enter in the living space.  The direct gain system is also fairly 
easy for the occupants to control with the use of curtains or blinds to block the sunlight. 
(Morrissey, Moore & Horne, 2010).   
The main goal when determining the correct amount of glazing is to calculate the 
amount of mass that needs to be heated.  It is important not to overheat the structure 
during the day and provide enough insulation to store the heat during the night hours.  
There are two main ways that heat is stored in homes.  There is heat that is stored from 
the sun in the mass of the building.  This heat is giving off at night and the temperatures 
of the thermal mass and inside air try to equal each other.  In winter the goal is to achieve 
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high solar gain during the day and store the heat energy in the thermal mass of the 
building.  The absorption into the thermal mass helps reduce overheating in the living 
space.  When the temperature drops during the night the heat energy from the thermal 
mass is released which helps to keep the living space warm and reduces mechanical 
heating costs.  (Kalogirou, 2009) 
Passive solar is relatively inexpensive when it is incorporated at the design stage 
of a home.  It simply requires placing windows to maximize winter solar heat gain and 
minimize summer heat gain.  It also involves choosing materials that have thermal mass 
to store heat energy or increasing the home’s insulation rating.  In China, more than 
200,000 tons of coal is saved annually because most buildings face south to take 
advantage of solar heat gain.  Despite considerable potential, there are still very few 
passive solar homes being built in the U.S.  (Garrett & Koontz, 2008) 
The other way heat is stored is the prevention of the solar gain from escaping the 
home through a well-insulated exterior shell.  Since this study is focused on changes that 
can be implemented across the housing sector the thermal mass of the structure will be 
ignored.  Increasing the thermal mass of a home has numerous thermal performance 
variations and limits homeowner’s options for selecting interior finishes.  Increasing the 
thermal mass also relies on the specific interior design of the home which for the most 
part is an aspect that will be ignored during this study.  This study will rely on the high 
performance of the exterior insulation of the standard new home.  This study will keep 
the current home plan’s thermal mass and the insulation levels so the results can be 
compared to a broad spectrum of new house designs.  The main principle of passive solar 
Albers – Directed Project Report 21 
 
in cold months is storing the heat during the winter days and trying to use it to 
supplement night heating. 
 Insulation and thermal mass work the same way in summer.  By utilizing night 
venting techniques the thermal mass of a structure can cooled down at night.  The cool 
mass and insulation then neutralizes heat gain during the day.  Natural ventilation works 
with the thermal mass of a building and absorbs cold night temperatures.  The thermal 
mass of the building then cools the conditioned space of a building during the day and 
reduces the need for mechanical cooling.  The combination of thermal mass with natural 
ventilation can be used to lower energy consumption and increase the sustainability of 
buildings.  (Zhou, Zhang, Lin & Li, 2008)  Night cooling and natural ventilation are an 
added benefit but very hard to quantify the benefits.  Homeowners will have to keep in 
mind that added windows will increase the venting performance of their homes but 
quantifiable results are extremely difficult to calculate.  The exact location of a home and 
its’ surroundings play a key role in determining how effective cross ventilation can be in 
helping to cool a home.  Surrounding trees, home orientation, and window location can 
all play a critical role in determining how affective natural ventilation will be.     
The orientation of the building and windows is generally regarded as an important 
aspect when designing a passive solar structure.  In colder climates where heating is 
required the sun can be utilized for direct solar gain.  If the structure and the majority of 
the window face south then the sun can reduce the mechanical heating demands.  If the 
structure or windows were ordinated to the east or west the benefit of the solar heating 
gain would be reduced.  (Morrissey, Moore & Horne, 2010) 
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The Upper Midwest region of the United States has very cold winters and mild to 
hot summers.  The key in designing a passive building is to orientating the building so the 
longer sides of the structure are facing north and south.  This allows for maximum solar 
penetration during the day and results in the maximum amount of heat gain.  The optimal 
orientation of the windows should be within 30 degrees of true south.  During winter 
months the windows should not be shaded from 9 a.m. to 3 p.m. to maximize the solar 
heat gain. The windows in living areas should face south because they are larger will not 
overheat as easily.  The windows in bedrooms should face north so because they are 
smaller which are more likely to overheat and they are not typically occupied during the 
daytime hours.  (U.S. Department of Energy, 2009)  The key to this design is to 
incorporate shading devices so that the higher angled sun in the summer months is 
blocked and the lower angled sun in the winter months is allowed to penetrate into the 
structure. 
Solar shading can be any device of obstruction that blocks the sunlight.  Solar 
shading devices can be on the interior of a home or on the exterior.  The most effective 
way to block the solar heat gain is on the exterior of a structure.  Solar shading devices 
are important components in highly glazed buildings.  They allow homeowners to avoid 
glare and provide options for the occupants to reduce solar gains through windows in the 
summer.  Certain shading devices also offer the flexibility to be retracted in the winter to 
maximize solar heat gain.  (Loutzenhiser, Manz, Felsmann, Strachan & Maxwell, 2006) 
Exterior shading options can be roof overhangs, awnings, solar shades, window 
tint, or solar screens.  Anything that can block some or all of the sun’s rays before they 
hit the window surface is an effective solar shade.    Interior blinds, curtains, and window 
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coverings are effective at reflecting some solar heat gain but there is some heat that gets 
dissipated to the interior space of the structure.      
The amount and type of glazing in a passive solar home is critical to the overall 
performance.  In a cold climate the majority of the glass should face south.  There are two 
main characteristics that should be reviewed when selecting windows.   
The amount of insulation that a window has is measured as a U-Factor.  The 
lower the U-Factor is the higher the window’s insulation level.  The other factor that is 
critical to passive solar windows is the solar heat gain coefficient (SHGC).  The higher 
the SHGC the more of the sun rays are allowed to penetrate through the window and heat 
the interior of a home.  The impact of a window’s U-Factor and SHGC will be examined 
in depth during the simulation phase of this project.          
Worldwide Passive Solar Design 
Germany has been at the forefront of passive heating and cooling designs for 
residential structures.  This trend was initiated by the government and it seems to be 
picking up momentum.  In 2000, the German government decided to cut greenhouse gas 
emissions by 25% by 2005.  (Badescu & Sicre, 2003)  As a result the construction 
industry was pushed to start building “Passive Houses”. Passive houses are buildings 
that assure a comfortable indoor climate during summer and winter without needing any 
conventional heating or cooling system.  The standard has been named “passive house” 
because the passive heat input-delivered externally by solar irradiation through the 
windows and provided internally by the heat emission of appliances and occupants is 
essentially enough to keep the building at comfortable indoor temperature throughout the 
heating period.  (Badescu & Sicre, 2003) 
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The German Passive house trend is starting to build momentum in the U. S.  
There is currently a Passive House Institute that has been established in the U.S.  The 
institute assists with training architects and builders on how design and build passive 
homes.  The biggest contribution that the passive house technology is having on the 
residential building sector is directing focus on the exterior walls of homes.  Passive 
homes produce results that show by having a virtually air tight and super insulated 
exterior they can dramatically reduce heating and cooling costs.  This evidence is pushing 
the evolution of the home design back towards super insulated exterior design along with 
utilizing passive solar for modest heat gain.        
Poland also has a significant amount of research and practice with passive solar 
technology.  Poland’s climate demands very strict building orientation and thermal 
massing to make passive solar successful.  To maximize the passive solar heat it is 
recommended that the building be orientation so the largest façade be within 10 degrees 
from south to south east.  It is also recommended to design living areas and other buffer 
zones on the south side of the building.  The homes in Poland also have to be equipped 
with shading devices like overhangs or wing walls.  When there are areas of large 
amounts of glazing areas the home must be equipped with curtains or other window 
coverings to reduce heat losing winter.  It is estimated that passive solar could save 30% 
of the energy Poland currently expends on space heating.  (Chwieduk & Bogdanska, 
2004) 
In Australia passive solar designs are starting to become popular.  The Australian 
government is trying to start a program to encourage homeowners to build passive solar 
homes.  Building officials actually have changed the building code to try to force some 
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areas to build energy efficient homes.  The building officials feel it is an important topic 
and that homeowner will benefit from the technology.  The houses that are being built in 
Australia today will most likely remain for the next 30 to 70 years.  For that reason it is 
important for passive solar principles be designed into these home to help reduce their 
energy consumption.  Passive solar design is recommended as a path beyond minimum 
building standards to deliver better energy efficiency.  Australia is currently trying to 
make a deliberate and positive impact on improving the livability and energy efficiency 
of future housing stock through sensible passive solar design.  (Peterkin, 2009) 
Current Residential Market 
The main resource that is being ignored in the residential housing market is the 
natural energy produced by the sun.  This energy is free and abundant but it needs to be 
harnessed from the natural surroundings.  Simple passive solar design strategies can be 
incorporated into homes that could greatly reduce the need for heating and cooling.  
These design strategies are not new technology and have been practiced by cultures 
throughout history.  The main strategies involve harnessing the heat that is produced by 
the sun, blocking the sun through solar shading, and orientating the home to take 
advantage to access the sun. 
The first step to achieving the benefits of passive solar is to redesign the structure 
of a home so it can fully take advantage of the climatic conditions of a unique location.  
Before the invention of HVAC (heating, ventilating, and air conditioning) structures were 
designed to take advantage of the local environmental conditions.  Once the buildings 
could be mechanically heated and cooled the design of homes began to focus of 
aesthetics and ignored the benefits of the surrounding climate.  
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Passive solar strategies are design features on homes that do not use mechanical 
means for heating, cooling, or ventilation.  Instead either some or all of the conditioning 
relies on the design features that use the sun and the local climate to condition the living 
spaces.  Current passive solar strategies take advantage of these natural climatic 
conditions by harnessing the power of the environment which in turn helps the reduce 
energy consumption.   
Even though most conventional homeowners are not familiar with passive solar 
design they are predisposed to favor it.   This is true, especially if it can be incorporated 
into traditional housing styles.  (Garrett & Koontz, 2008)  The problem is that even 
though passive homes have been around for a number of years the trend has not caught 
on with the main stream residential construction industry. 
 The majority of successful passive homes have unique designs that respond to 
their climate and make them highly effective in utilizing the environment.  Passive homes 
are traditionally slightly more costly to build and much tighter tolerances on design 
details that enhance the home performance.  Not every homeowner is familiar with 
passive solar design which reduces the demand to build homes that meet those criteria.  
Not every home builder is knowledgeable enough to build a passive solar home which in 
turn reduces their availability.  Both of these factors reduce the adoption rate of passive 
solar homes.  (Garrett & Koontz, 2008)  All of the factors above have led to a very slow 
adoption of passive heating and cooling strategies in the residential construction market. 
 Even if potential home buyers like the existing design of passive solar homes the 
availability of those types of home pose a problem.  Several characteristics of the typical 
residential construction industry impede the adoption of innovation.  The small scale of 
Albers – Directed Project Report 27 
 
most residential construction companies hinders change and causes adoption of new 
technology to be minimal.  The ups and downs in the housing market also create 
unwillingness on the part of builders to take big investment risks.  Some housing 
innovations are often hidden in construction process and are therefore unobservable to 
most homeowners.  The varying regulations of different cities and counties are also 
barriers to widespread innovation.  The focus that builders and homeowners have on 
upfront costs rather than the performance of homes prevents many potentially useful 
advances in residential building technology.  All of these factors reduce the availability of 
passive solar homes and keep the residential construction industry in the current status 
quo.  (Garrett & Koontz, 2008) 
There is already some research as the user experiences in passive solar homes.  
There were some detailed surveys performed on a community of passive solar home 
residents in the United Kingdom.  The overall results from the survey seem to indicate 
that the majority of homeowners that choose to buy passive solar homes make their 
decision because they are looking for a low cost, comfortable way to heat their homes. 
The majority of the homeowners in the study also agree that they were satisfied with the 
aesthetics and the energy performance of their passive solar homes. (Yakubu, 2006)  This 
information provides some key insight as to what attributes would stimulate homeowners 
in the U.S. to purchase passive homes.  The key attributes of the United Kingdom 
homeowners seem very similar to current home buyers in Midwest home market.  The 
main points from the survey are that the user experience is positive and the users see a 
value in owning a passive solar home.  This data seems to support the theory that if an 
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adequate supply of passive solar homes can be produced for a reasonable price trade off 
then homeowner might consider that type of design. 
From September 2009 to September 2010 the U.S. Department of Housing and 
Urban Development estimated that there were 321,000 new homes sold in the U.S.  The 
top one hundred home builders in the nation sold 153,702 homes (U.S. Department of 
Housing and Urban Development, 2011)  Those figures roughly calculate to 
approximately 48 percent of all the homes that are sold in the United States each year are 
built by the top 100 builders.  National home builders lead the residential markets and 
they are on the cutting edge of building trends.  The volume and repetition of national 
home builders could allow passive solar heating and cooling technologies to move from 
the fringe to mainstream in the residential construction market. 
Literature Review Summary 
 The U.S. is currently one of the world leaders in energy consumption per person.  
There is a substantial amount of energy used to heat and cool residential structures across 
the country.  The current mainstream energy reduction strategies do not take into 
consideration any energy reduction passive soar could provide.  Passive solar is a proven 
technology that can be utilized in multiple climates to achieve reduced heating and 
cooling energy usage.  Even though passive solar is a proven technology it has not been 
adopted as a common building practice by the architects, builders, developers, and 
homeowners. 
 The market share and construction volume that national home builders have could 
potentially start widespread adoption of passive solar in current residential construction.  
If modest passive solar technology can be successful implemented on a national builder’s 
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standard home plan then it could start to be offered as an option to homeowners.  This 
directed project addresses those questions and provides a cost benefit analysis of passive 
solar being implemented on standard residential homes.               
Simulation Procedures 
A standard home plan was selected from one of the top fifty national home 
builders that are currently operating in the Minneapolis area.  The house plan was 
analyzed and the all of the information was uploaded into RESFEN 5.0.  The key data 
was the total square foot area of the home, the window area on each façade of the home, 
the current insulation levels, and the window performance characteristics. 
The standard home plan was a very common design that is built in the 
Minneapolis area.  It is a two story wood framed home with a full basement.  The overall 
square footage of living space was 2,225.  The glazing on the house plan was 125 SF for 
the front, 0 SF on one side, 20 SF on the other side, and 200 SF on the back side of the 
home.  The walls are 2x6 construction and the insulation levels are right at the standard 
that Minnesota’s building code requires.  The attic has an insulation level of R-38, walls 
are R19, basement slab is R10, and rim joist areas are R10.  The wall thickness is going 
to remain constant for the simulations so it would eliminate a lot the cost variables with 
framing and additional cost with trimming out the wall openings.   See Figure 3.1 and 
Figure 3.2 for a graphic representation of the model home that was used as the base for 
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Figure 3.2. Back and Side Elevation of Test Home 
 
RESFEN 5.0 was chosen for these simulations because it is currently the only 
residential energy modeling software that allows for users to make significant changes to 
the glazing material and area on a simulated home.  RESEFEN 5.0 allows for wall 
insulation levels to be selected.  The furnace and air conditioning types can be selected 
along with their efficiency levels.  RESFEN 5.0 also allow for different types of window 
coverings to be selected to either reduce or increase solar gain.  All of these options made 
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RESFEN 5.0 the most logical selection for the energy modeling program used in this 
study. 
Since no other energy modeling program could not be found to validate the results 
that were produced from RESFEN 5.0 it was necessary to validate the program in other 
ways.  Several research papers were found that helped to explain how RESFEN 5.0 
calculated the energy consumption and also validated the program through test homes 
that were entered into the program. 
RESFEN 5.0 uses a customized version of DOE-2.1E that computes all the 
variables of the energy simulations.  DOE-2 is a dynamic hourly building energy 
simulation program that is well known to engineers and energy researchers in the U.S.  
DOE-2 has been modified so that it can be used in the RESFEN program but the 
algorithms have not been altered so it will give identical results.  (Huang, Mitchell, 
Arateh & Selkowitz, 1999)   DOE-2 was not selected for this study because it requires 
significant user experience to use the program effectively.  RESFEN 5.0 on the other 
hand is very user friendly and most homeowner could handle doing energy modeling 
with its’ simplified user interface.  
DOE-2 has been validated by energy modeling on real life test homes.  In 
California there was study where DOE-2 energy modeling was performed on eight test 
homes.  The internal temperature of these homes were physically recorded and then 
compared to the simulation results of the DOE-2 program.  The results showed that the 
DOE-2 is in excellent agreement with the measurements of all eight housing 
configurations.  The cases that were considered were representative of real world houses 
that would be encountered across the U.S.  (Meldem & Winkelmann, 1995)           
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RESFEN 5.0 has stored data for energy costs or users can manually input data for 
the local energy costs.  The stored energy data for Minnesota that was in the software was 
out of date and not accurate with current costs.  Using several bills from different energy 
suppliers the current Therm price was estimated to be $0.853 per Therm.  The same 
procedure was used to estimate the kWh for the electricity consumption.  The electricity 
rate was estimated to be $0.10 per kWh.  The test home had a natural gas furnace and 
electric air conditioner.  By having two different heating and cooling systems it allow the 
heating and cooling costs to easily be separated.  See Figure 4.1 for an example of the 




Figure 4.1. RESFEN 5.0 Energy Modeling Software 
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The next step was developing two alternative home plans that would be used to 
test the proposed changes to the annual energy consumption.  Hybrid House Plan A was 
the simulated house plan that would be used to test an increase in the glazing area.  
Hybrid House Plan A had 267 SF (square feet) of glazing on the back side of the house in 
comparison to the standard house plan that had 200 sf.  The quantity of 267 SF of glazing 
area was selected because the glazing area on any single side of the home cannot exceed 
12% of the total square feet of the home.  This is a restriction that RESFEN 5.0 has built 
into the programming constraints and it cannot be altered.  This 12% window to wall 
ratio is mandated by the International Energy Conservation Code (IECC) which takes 
into consideration the insulation levels and home location.  Hybrid House Plan B was 
developed to test a reduction in the glazing area on the back side of the home.  Hybrid 
House Plan B had 125 SF of glazing on the back side of the house.   
The front and sides of all the house plans were kept at the same glazing 
percentages so the only variable on glazing amounts would be the back side of the home.  
This test design would allow the simulated data to show how the glazing percentages 
would affect the energy used on heating and cooling the structure.  The orientation 
direction refers to the directions that the front of the home would face.       
RESFEN 5.0 has 36 standard windows that can be used in the energy simulations.  
Unfortunately no manual U-factors or SHGC factors can be added to create custom 
windows.  The 36 standard windows in the library had a wide variety of U-Factors and 
SHGC values.  Nine windows were selected for the simulations.  The chart below show 
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the nine windows were selected to give a range of U-Factors in addition to a range of 
SHGC values.   
 
Window Type U-Factor SHGC 
101: AL Clr 1.16 0.76 
311: w/v 2 Clear 0.49 0.56 
351: W/V 3 HT Super 0.28 0.38 
352: W/V 3 SS Super   0.28 0.25 
411: Ins 2 Clear 0.44 0.6 
421: Ins 2 PY Low E 0.29 0.56 
431: Ins 2 SP Low-E 0.27 0.46 
441: Ins 2 SS Low-E 0.26 0.31 
451: Ins 3 HT Super 0.18 0.4 
 
Table 1.1 RESFEN 5.0 windows used in simulations 
 
 The first part of the simulation testing was focused on determining the amount of 
energy that is consumed heating the test homes in the winter months.  The orientation of 
the home, the glazing area, and the glazing types were all analyzed in the simulations that 
were conducted.  The furnace package that was selected was natural gas since it is 
predominately the most used heating fuel in Minnesota.   
There is an option in RESFEN 5.0 where you can select the level of solar 
reduction that is on the home.  Solar shading is a combination of exterior and interior 
obstructions that block sunlight.  On the exterior of the home this obstructions can be 
trees, roof overhangs, awnings, and other houses.  On the interior of the home these 
obstructions can be blinds, curtains, or window film.  For the heating portion of the 
testing it was assumed that there would be no solar protection and all the sunlight would 
be allowed to enter the house in the winter.  This information was then transferred from 
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RESFEN 5.0 to an excel spreadsheet.   The data was then analyzed and imported into 
graphs to see if there were any obvious trends.  The first two sets of data analyzed the 
annual and 30 year period of simulated heating energy consumption of the three test 
homes.  The third set of data reviewed effects of the direction of orientation of the front 
of the house had on the amount of heating energy consumed.  The data that was collected 
can be viewed in Figure 5.1, Figure 5.2, and Figure 5.3 listed below.  It is important to 
note the difference in heating costs for the variations in orientation of the homes.  The 
northern orientation consistently produces a lower annual heating cost.  The lowest 
annual heating costs are found on simulations with window that had high SHGC and a 
high U-factor.  The differences might not seem dramatic but when reviewed over an 
average 30 year mortgage period these difference in energy costs can reach thousands of 
dollars.        
  





Figure 5.1. Annual Heating Cost Simulation Results 
 
  




Figure 5.2. 30 Year Simulated Heating Costs 
 
  




Figure 5.3. Orientation Variations Effect on Heating Energy 
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The second part of the simulation testing was focused on determining the amount 
of energy that is consumed on cooling the test homes during the summer months of the 
year.  The same criteria and options that were used on heating simulation were then 
applied to the cooling simulations. 
     The unique change that was incorporated into the cooling simulations was three 
different levels of solar reduction.  All of the test homes were simulated with no solar 
reductions, typical solar reduction, and full solar reduction.  RESFEN 5.0’s description 
for no solar reduction was allowing all of the sunlight to penetrate through the windows 
into the home during the day.  RESFEN’s description for typical solar reduction was 
utilizing interior curtains, standard overhangs, and interior blinds to block solar gain.  
Standard overhangs on a two story home are typically achieved by having a smaller 
footprint on the upper levels and having the small roof overhangs at each level.   
RESFEN’s description for full solar reduction was utilizing obstructions such as exterior 
shutters, solar screens, or obstructions to block the majority of the sunlight before it could 
penetrate the glazing on a home.  It also included the use of standard interior window 
coverings.  The data from these simulations can be viewed in Figure 6.1, Figure 6.2, and 
Figure 6.3.  These figures show that the difference in the SHGC of the windows can 
produce a dramatic variation in the total cooling costs.  It is also important to note that 
effective solar reduction also made a large impact on overall cooling costs.  The overall 
trends of the figures also show that greater the quantity of window area on the home the 
higher the annual cooling cost.    
  
Albers – Directed Project Report 41 
 
  
Figure 6.1. Standard Home Plan’s Annual Cooling Costs 
  




Figure 6.2. Hybrid A Home Plan’s Annual Cooling Costs 
 
Albers – Directed Project Report 43 
 
 
Figure 6.3. Hybrid B Home Plan’s Annual Cooling Costs 
  
The next step was to combine the heating and the cooling data in order for the 
total costs to be accurately analyzed.  All three home designs were analyzed with the nine 
different windows.  The orientation variable was also isolated so it could be quantified to 
determine the overall impact it would have on the energy costs. 
 The final cost breakdown includes only two window types for cost comparison 
purposes.  The current window standard for the majority of national builders in the 
Minneapolis area was model 352 with a U-Factor at 0.28 and a SHGC at 0.25.  The 
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window that was selected as the best choice to test the benefits of passive solar was 
model 421 with a U-Factor at 0.29 and SHGC at 0.56.  Window 421 was a perfect 
candidate to compare passive solar heat gain because it had a higher U-Value than 
window 352.  Since window 421 had a lower level of insulation any energy consumption 
fluctuations would be attributable only to the SHGC value.   
 The Standard home plan with window 352 was compared to the Hybrid A home 
plan with window 421.  The standard home plan assumed only typical and no solar 
reductions strategies.  The Hybrid A home assumed full solar protection.  Full solar 
protection would be achieved through a combination of solar screens on the outside of the 
home and interior window coverings on the inside of the home.  The potential cost 
savings were then analyzed for each exposure and level of solar reduction.   The 
maximum amount that could be saved annually by going with a Hybrid A plan and 
selecting a northern orientation was $253. 
 The construction costs of the changes were then compared to see if any additional 
costs or savings were incurred for the changes in the plans.  Marvin Integrity and Pella 
Proline 450 windows were chosen as the two window brands to price for this study.  The 
Marvin and Pella window brands are very popular in the Minneapolis area and they are 
used by a number of national residential builders.   
 The Marvin Integrity 11/16” IG LoE – 180 Argon was selected as the real life 
window model that had very similar performance values as the RESFEN 421 window.  
The Marvin model has a 0.03 higher U-Value and a 0.03 lower SHGC.  The Pella Pro-
line 450 11/16” Natural Sun Low-E with 2.5 mm glass was selected as a real life window 
model that had very similar performance to the RESFEN 421 window.  This Pella 
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window has .04 higher U-Value and a .01 higher SHGC.  The Marvin Integrity 11/16” IG 
LoE2 – 272 Argon was selected as the real life window model that had very similar 
performance values as the RESFEN 352 window.  This Marvin window has a 0.01 higher 
U-Value and a 0.03 higher SHGC.  The Pella Pro-line 450 11/16” Low-E IG with Argon 
2.5 mm glass was selected as a real life model that had very similar performance as the 
RESFEN 352 window.  This Pella model has a .02 higher U–Value and a .05 higher 
SHGC. 
Both the Marvin and the Pella windows were very similar matches to the 
RESFEN models and would suffice for the pricing exercise of the research.  With enough 
time and resources an exact match for the RESFEN windows could be found but it would 
be very difficult to find a manufacture that produce an exact performance match in the 
same window line.  Appendix D and E add additional information about the 
specifications on current Marvin Integrity and the Pella Pro-line 450 window models.     
The Marvin models were then priced by a local lumber yard in the Minneapolis 
area.  The Pella models were priced by Lowes, a national home improvement store.  
These unit prices were then used to calculate the construction costs to increase the 
glazing area on the home plans.  The standard home plan’s glazing area was priced using 
the most common window being used by the national residential builders.  Those 
windows were Marvin LoE2 – 272 Argon and Pella Proline 450 Low-E IG Argon.  The 
Hybrid A plan’s glazing area was priced up using the windows with high SHGC.  Those 
windows were the Marvin LoE – 180 Argon and the Pella Proline 450 Natural Sun Low 
E windows.  See Appendix A and B for pricing information on the Marvin Integrity and 
Pella Pro-line window models. 
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 The window pricing that was returned on the Marvin windows by the lumber 
yard had some interesting trends with pricing on the windows.  The specialized coatings 
that are designed to reduce solar heat gain create a unique variable in the window pricing.  
The LoE 272 coating is the most popular coating currently being produced by Marvin and 
is being used in the Minneapolis area.  Due to manufacture scales of economy this is the 
least expensive coating to purchase on a window.  The price to switch to a high SHGC 
window was approximately 9% more expensive than the standard window currently 
being used in the industry. 
The Marvin windows were $1,723 more expensive to change to a higher SHGC 
model.  The highest estimated annual savings in energy by using high SHGC windows is 
$253.  Once the solar shading features are equipped the shortest payback period is 8.5 
years.  Some homeowners would find this acceptable but 8.5 years is a long time to wait 
for an investment to pay for itself.  Other window models were priced to see if a less 
expensive option could found with a shorter payback period.       
The window pricing that was returned by Lowes on the Pella windows were more 
in line with the assumed manufacturing costs.  The Pella windows with a high SHGC 
ranged from being slightly less expensive to approximately 2.5% more expensive 
depending on window models.  Pella has twice as many manufacturing facilities as 
Marvin and due to that reason the cost of the high SHGC window might be more in line 
with the actual production costs.   
Due to the competitive pricing, Pella was selected as the manufacture that would 
be used to calculate construction costs and payback periods.  The Hybrid A home plan 
with an increase of 267 SF total square footage of windows that were all priced with Pella 
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high SHGC windows and came to $6,800.  The standard home plan with the current 
industry standard Pella windows was priced at $8,945.  To get the window opening 
quantity closer to the actual amount on the standard home some larger windows were 
priced on the Hybrid A home plan.  The larger Pella windows with the high SHGC were 
priced for the Hybrid A home plan and the total was $6,580.    The total savings by going 
with the Hybrid A plan with 67 more square feet of high SHGC window was $220.   
The installation and framing costs to add the additional glazing area were ignored.  
This was due to the fact the number window openings would most likely be reduced even 
though the glazing area would increase.  The same or fewer number of window openings 
would need to be framed and the same or fewer number of windows would need to be set.  
Since the overall width of the window was not drastically changing it was assumed that 
the typically header material would still be utilized and additional lumber costs could be 
avoided.  This basically put all the additional cost to increase the glazing area into the 
cost of the window. 
After all the solar shading options were analyzed and researched, the only one that 
seemed to be a viable candidate for wide spread adoption were solar screens.  The solar 
shading system would need to be operable to allow passive solar heating to occur in the 
winter and able to block sunlight in the summer months.  The standard new construction 
home in Minneapolis is a two story so an roof overhang is not effective to block sunlight 
on the lower levels.  The design of the house also plays a key role in use of a roof 
overhang.  A hip style roof would allow for the second story roof overhang to be 
increased to block summer sunlight and allow winter sunlight to penetrate into the 
windows.  On a traditional gable style roof there back of the home would not allow for 
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any roof overhang extension.  The test home has a traditional gable style roof but there is 
a small roof extension that could be used as a shading feature.  This starts to get very 
complicated and not much shading is produced as a result.              
Due to the variation in home designs, window sizes, window placement, and 
orientation, an option that attached to each window seemed like the most logical way to 
reduce solar heat gain.  There are many different shading systems and designs that are 
currently being utilized in residential construction.   
Awnings are one solution that has been used effectively to reduce solar heat gain.  
Awnings can be retracted in the winter to allow sunlight to penetrate in to the window.  
Then the awnings can then be extended in the summer to block the higher angled sun.  
Awnings are bold statement on any home and it is likely that some homeowners would be 
appose to installing awning on the exterior of their home.  The awnings that were quoted 
for the study were between $200 and $250.  This price was did not include installation 
which could range from dramatically due to window location.  Considering the yearly 
energy savings is $250 for every awnings installed it would increase the payback period 
by an additional year.  A more cost effective solution would need to be found to provide 
summer shading.    
Solar screens are a very simple way to achieve effective solar shading.  Solar 
screens can be applied across the residential construction spectrum to just about any 
home for about the same cost.  Currently solar screen material is not being utilized in the 
new construction market in Minneapolis, Minnesota.  The solar screen material that was 
selected was Phifer Suntex 90.  This screening material is widely available at national 
home improvement centers and could easily be adopted on the large scale basis.  Phifer 
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Suntex 90 has testing data showing that a 0.08 shading coefficient can be achieved by 
utilizing their solar screen product.  See Appendix C for Phifer Suntex 90 specifications 
and pricing information.  Suntex 90 solar screens can be inserted into a home’s existing 
window screen frames.  The material was priced and installation labor was added to the 
breakdown.  The Suntex solar screens were only priced to be installed on the southern 
side of the home.  The price to purchase the material and replace the current window 
screens on the south side of the home came $461 dollars.  In order for homeowners to 
maximize the passive solar heat gains and heat reduction the Suntex solar screens would 
need to be installed in spring and removed in the fall. 
The Suntex solar screen material combined with the interior shades and curtains 
would achieve RESFEN’s description for full solar reduction.  This option was then 
added to the total construction cost of the Hybrid A plan equipped with Pella high SHGC 
windows.  The total cost to change the home plan and implement the passive heating and 
cooling recommendations would be a cost of $241 dollars.  The total construction cost 
and energy comparison for both the Marvin and Pella windows can be viewed on Figure 
7.1 and 7.2 listed below.  The difference in cost of the Pella versus Marvin windows 
made a dramatic difference in the payback periods for the high SHGC windows and 
implementation of the solar screens.     
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Figure 7.1. Construction Costs and Payback Summary – Marvin Windows 
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Figure 7.2. Construction Costs and Payback Summary – Pella Windows 
 
Conclusion 
There are many factors that could affect the amount of heating and cooling energy 
consumed by residential homes.  This study analyzed a single model home plan from a 
national home builder.  The potential energy savings were calculated using RESFEN 5.0 
energy modeling program.  The simulated energy modeling only tested the variables of 
glazing area, glazing types, solar shading, and orientation.  
The testing data results were also based on the occupants of the home taking steps 
to achieve certain levels of solar reduction.   These steps included installing solar screens 
in the spring and removing them in the fall.  It was also assumed that window curtains 
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and shades would need to be drawn during the day in the summer to reduce the heat 
generated by the sun.  In the winter the occupants would need to keep the curtains and 
shades open during the day to allow sunlight to penetrate into the home.  Additional 
insulation benefits could be achieved in the winter if all of the window shades were 
closed at night to add some level of insulation and reduce heat loss. 
The standard national homebuilder’s plan with the standard window was 
simulated to gauge the amount of influence a homeowner could have.  The home was 
simulated with full solar protection and no solar protection.  The best case scenario was 
orientating the home so the majority of the glazing area faced south.  Using the standard 
building plan with the standard windows the most a homeowner could save each year by 
opening and closing window coverings was $100.  If the window coverings were ignored 
the difference in heating and cooling would be plus or minus $20.  If the homeowner did 
not operate the window coverings on the Hybrid A home plan with high SHGC windows 
a similar result occurred.  The difference in energy savings would be plus or minus $8.  If 
the homeowner followed the correct behavior for maximizing passive solar then savings 
could be up to $253 per year.    
The data that was collect during the simulations concluded that the orientation of 
the home played a key role in reducing the overall energy consumption.  The best 
orientation to maximize solar heat gain in Minneapolis is due south.   The glazing type 
and quantity of glazing played an equally important role in reducing the energy 
consumption. 
In this particular case the construction costs to increase the glazing area and 
achieve a higher SHGC of the windows came out to be a cost decrease.  It was assumed 
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that the average window size would be increased to accommodate the larger amount of 
glazing that was being added to the plan.  The added cost was attributed to changing out 
the existing screen material with a solar screen material.  This only added $241 to the 
total construction cost of the home and it produced the added benefit of having an 
additional 67 square feet of windows.   
The annual savings that was achieved varied depending on the orientation of the 
home.  The largest cost savings that could be achieved was by orientating the home to the 
north so the majority of the glazing would face south.  The cost savings by orientating the 
home to the north and installing high SHGC windows was $253 per year. 
This yearly cost savings in energy reduction might not seem like much but it is a 
step in the right direction.  That savings assumes that the current cost of energy remains 
the same.  Energy costs are steadily increasing for the last decade and it is safe to assume 
that even more money will be saved as energy prices continue to climb.   
 This direct study was evidence, based on a simulated study, that in Minneapolis a 
national home builder’s standard home plan can be modestly modified to effectively 
implement passive solar design features.  It is important for homeowners to see the value 
of a home with the majority of the windows facing south.  The overall energy 
consumption is reduced by increasing the southern window area and changing the 
windows to a high SHGC model.  Solar screens are required to reduce the solar heat gain 
during the summer months.  Typically implementing solar screens will pay for 
themselves in two to three years in cooling energy savings in the Minneapolis area.  
These energy savings assume some level of homeowner action to install and remove 
window screens along with opening and closing the window coverings. 
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 The results produced by this project’s simulations show that passive solar 
strategies can be successful implemented on a current home plan from a national home 
builder in Minneapolis, Minnesota.  The cost savings are modest but so are the changes 
that the home builders will need to make to implement the changes.  This could be the 
first step in getting passive solar technologies into the main stream residential 
construction markets.  This modest yearly savings might be enough the spark home 
buyer’s interest and start the trend of requesting passive solar designs and the majority of 
windows facing orientated to the south on an average home.  Developers might also see 
the benefits in taking extra time to adjust their residential developments allow for the 
larger facades of the homes to face due north or south.  Developers could start using 
passive solar orientation as a selling point to help distinguish their lots and increase sales.  
 If homeowners or builder are interested in reproducing these results the steps are 
very easy.  RESFEN 5.0 is free software that can be downloaded from the internet.  
Homeowner can either enter in the data from a new home plan or they can enter in data 
from their existing homes.  The data that needs to be entered for the home characteristics 
are very simple only take a few minutes upload.  Then different amounts of glazing area 
and window types can be selected to determine energy implications.  This would be a 
good exercise for any homeowner who is thinking about replacing some windows or 
trying to determine which windows to use on their new home.  Even a small step toward 
passive solar design can become a big reduction in energy consumption over the lifetime 
of a home. 
 The next step to move this research forward would be to find an effective way to 
bring the information provided in this paper to the main stream public.  One possible next 
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step would be to develop a test home that will put these passive solar changes on display.  
The key would be finding a northern facing lot in a development that was currently 
constructed.  The test home could be built and then it could be used a showcase home to 
display what needs to take place to make passive solar work in standard residential 
construction.      
Right now the national home builders are extremely competitive and are looking 
for features and benefits that distinguish them from the competition.  One approach to 
getting the test home built would be to approach a national home builder with the 
concept.  It is very little exposure for the national home builder because it only costs an 
additional $250 dollars to implement all the passive solar changes to the home.  The 
home builder could then use this home to promote themselves as green builder and a 
leading innovator in the market.          
Another option to move this research forward would be to go directly to 
homeowners with the knowledge.  A website could be developed that explains the 
research and how to reproduce the results on an actual home.  There are also several 
major home remodeling shows in the Minneapolis area.  A good option would be to set 
up a small booth at one of these events and explain the results of the simulations to 
homeowners.  Homeowner’s could be taught how to do the energy simulations 
themselves using RESFEN 5.0 or that service could be offered to be performed for free.  
The whole goal would be getting the information directly to the homeowners and making 
them realize what possibilities are out there. 
These two options would be the next logical step to move this research to the next 
level and validate the simulated data.  Once the simulation has been validated it will be 
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more likely to become a standard building practice and something that will change then 
entire industry.  The energy savings should get more dramatic as the cost of electricity 
and natural gas continue to rise.  This research might also gain some traction as 
homeowner start to look for alternatives to save money on their heating and cooling bills.    
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